The other important reason for considering 3D andastic structure is that it may provide constraints on mantle dynamics that are complementary to those inferred from elastic modeling. Indeed, if, as thought to be the case, the dominant contribution to absorption of seismic waves in the mantle is due to thermally activated mechanisms, the temperature dependence of Q follows an Arrhenius ½xponentiaI law and is therefore much stronger than that of elastic velocity [e.g., Minster and Ander- In what follows, we present the results of a global totoographic inversion for lateral variations in Qp in the upper mantle, using a dataset of Rayleigh wave attenuation coefficients in the period range 100-300 s. The measurement method has been designed so as to minimize biases due to focussing and is described in detail in a separate publication [Romanowicz, 1994a, Further data selection occurs during the measurement process. For each seismogram, the first three Rayleigh wave trains (R1, R2, R3) are windowed with appropriate group velocity windows to avoid contamination by higher modes and overlapping trains, for a period range between 80 and 320 s. As described in paper 1, attenuation coefficients are then measured successively for R1 and R2 paths using, for each, two different methods: (1) a combination of consecutive trains, including R3, whereby the effect of the source (which may not always be perfectly modelled using the CMT solution) is eliminated; and (2) using only R1 (or only R2) and assuming the source amplitude is that given by the CMT solution. The measurement obtained using method (2) is adjusted, through the introduction of a linear "shift", to coincide, inasmuch as possible, over a sufficient period range (80 $ or more) with the measurement obtained using method (1). Measurements obtained using method (1) often present large bandlimited structures, which are not coherent over neighboring paths and are therefore likely to be due to strong elastic effects, or other non Q related perturbations.
We only keep those measurements for which the results of both method (1) and method (2) are smooth •s a function of frequency and have shapes that can be well superposed. This leads us to sometimes reject a complete record or keep only R1 or only R2. Moreover, if the shift measured as mentioned above is due to an adjustment in the seismic moment and source mechanism with respect to the CMT solution, it should be the same whether the procedure is applied to R1 or to R2. We therefore reject records for which the two shifts differ by more than 10%, which indicates either directivity of the source, or, more likely, strong focussing effects on either path. To further eliminate outliers, we then calculate, at each period, the average attenuation coefficient, for R1 and R2 trains separately, and keep only those data which do not exceed the average over the whole data set, in absolute value, by 80% and 40% respectively, taking into account the greater smoothing expected for R2 trains, which travel on average three times farther than R1 trains. This imposes a conservative upper limit on the retrieved lateral variations in Q. Further discussion of this method can be found in paper 1.
This very strict data selection allows us to eliminate paths contaminated strongly by band-limited focussing effects. Clearly, it does not necessarily free us of "smooth" focussing effects that might be of the same order of magnitude as attenuation effects and remain undetected because of their smooth variation in frequency. Since such effects are due primarily to smooth, low-degree features of the elastic structure, they can be realistically estimated using existing elastic 3D models of the Earth. In what follows, we will present a series of tests which indicate that, whereas our final data set may still contain smooth focussing effects, these do not impact the resulting 3D ane!astic model significantly.
An important point to address before the inversion is, as for elastic tomography, that of crustal corrections: the low-frequency waves used in the inversion In what follows we address more thoroughly issues of resolution, and in particular the question of contamination by unmodelled effects of elastic structure in the amplitudes.
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Addressing Resolution Issues Spatial and Depth Resolution
We have assembled a synthetic data set of attenuation coefficients, measured for the same path distribution as in the actual data set, for a model of shear attenuation in the upper mantle consisting of a checkerboard pattern confined to a layer located successively in three depth ranges: 150-250 kin, 250-450 km, and 450-650 kin. In the examples shown here, the checkerboard pattern was generated using a spherical harmonic of degree /=6 and order m=4. These synthetic data sets were inverted, following the same approach as that used with the actual data (in particular the same damping parameters), in order to assess how well the checkerboard pattern could be recovered, both spatially and in depth. In the absence of a more sophisticated and valid quantitative method to deal with focussing effects, our philosophy is therefore to apply drastic data selection criteria, eliminating those paths which appear strongly contaminated by focussing effects, as already described above. The main deficiencies of this approach are that (1) 70-80% of the analyzed data are rejected, which eventually limits spatial resolution; (2) only smooth variations of amplitude with frequency are kept, so that, if large localized heterogeneity in Q is present, it cannot be resolved; and (3) Finally, a last set of tests consisted in adding focussing effects calculated, this time, using the upper mantle model of Monta#ner and Tanimoto [1992] and higher order asymptotic theory [Romanowicz, 1987] , to a checkerboard pattern of heterogeneity in Q. This is a very extreme test, given that the character of lateral heterogeneity in Q is very different from that of the focussing effects: by the nature of the checkerboard pattern, the averaging which occurs when adding effects of the Q model over long source station paths results in amplitude anomalies that can be small compared to the focussing anomalies, calculated for a model that does not have this type of regularity. Therefore, the "observed" amplitude anomalies are, on some paths, dominated by the more realisitically distributed focussing effects. In Figure 13 , we present the results of several inversions in which we successively reject paths that contain focussing anomalies that are larger by a given factor f than the corresponding attenuation anomalies. We see that for values of f up to 2, the checkerboard pattern is well recovered. If all paths are kept, the recovered pattern exhibits some smearing of the checkerboard, and also the maximum amplitudes, in some regions, are larger by a factor of 1.5 compared to the input amplitudes. The difference between Figure 13e and Figure 13f represents about 10% additional paths in the latter, including some for which the ratio f is larger than 10. This is a worst case situation, since in practice, paths for which such large amplitude anomalies might be present would be eliminated in the course of the severe data selection procedure.
In conclusion, our tests indicate that, while some residual focussing effects may be present in our attenuation data set in spite of the rigorous selection criteria, they will not dominate the final pattern of 3D heterogeneity in Q. We believe that this encouraging result can be related to the difference in the way in which attenuation anomalies and focussing anomalies are accumulated along the propagation path. Attenuation anomalies are additive, regardless of the direction of travel, and the attenuation structure is a scalar property attached to each location. Focussing anomalies, on the other hand, depend on the direction of approach (transverse derivatives along the propagation path). In a tomographic inversion scheme designed to extract local scalar properties of the medium, the latter will tend to be eliminated in favor of the former.
Discussion and Conclusions
We have presented a 3D Q model in the upper mantle which is the first of its kind. This model is clearly very preliminary and the details of the patterns will likely change as our abitility to gain resolution increases in the future. Our data lack the resolution to be able to determine whether the fact that the deeper pattern, which seems to continue throughout the transition zone and which gradually decreases in relative amplitude with depth, is realistically retrieved below a depth of about 500 kin. The consistency of the pattern needs to be confirmed by independent studies, using data with greater sensitivity to structure in this depth range. The geodynamic implications of the main features of our model, assuming that lateral variations of Q primarily reflect thermal structure in the upper mantle. have been discussed in detail in a separate publication [Romanowicz, 1994b] . We briefly summarize them 
